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PATENTS 

Attorney Docket No. 36119-126US1 

J$ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): Carl June et al. Art Unit: 1644 

Serial No.: 09/027,205 Examiner: J.Roark 

Filing Date: February 20, 1998 

Title: METHODS FOR DOWN-REGULATING EXPRESSION OF AN HIV-1 FUSION 

COFACTOR 



CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.10 

I hereby certify that this correspondence is being deposited with the United States Postal Service as "Express Mail 
Post Office to Addressee" Service under 37 C.F.R. § 1.10 on the date indicated below and is addressed to: 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2213-1450. I) /? 




I^fu*™™ Date of Deposit Sharon R. Matthews 

Commissioner for Patents, 
P.O. Box 1450 
Alexandria, VA 22313-1450 

WRITTEN CONSENT OF ASSIGNEE AS REQUIRED UNDER 37 C.F.R. § 1.48(a)(5) 

I, John Lowe, President of the Henry M. Jackson Foundation for the Advancement of Military Medicine, 
Inc. who has the authority to act on behalf of the Henry M. Jackson Foundation for the Advancement of 
Military Medicine, Inc., submit that I have reviewed the Declaration Under 37 C.F.R. § 1.132 of Carl H. 
June (executed on 1 1 November 2002) in which Carl H. June declares that Bruce L. Levine is also a co- 
inventor of Patent Application Serial No. 09/027,205, filed February 20, 1998. I have also reviewed the 
Statement by Bruce L. Levine to Correct Inventorship Under 37 C.F.R. § 1.48(a)(2) (executed 8 May 
2003) in which Bruce L. Levine requests that the inventorship for the above-identified patent application 
be corrected to include him as a co-inventor and indicates that the error in inventorship occurred without 
any deceptive intent on his part. Thus, I consent to having the inventorship corrected in this application to 
include Bruce L. Levine. 



Respectfully submitted, 



Date: 

Lowe 





BOSTON I653158vl 



PTO/SB/96 (08-00) 
Approved for use through 10/31/2002. OMB 0651-0031 
'Tp U.S.Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under tKe^perwork Reftfc^ion Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 



JUL 1 7 2003 t\ STATEMENT UNDER 37 CFR 3.73(b) 



Applid^gatent^^her: Carl H. June_g^_aL 

ApplicationT&atent No.: 09/027,205 Filed/Issue Date: 02/20/1998 

Entjt i ed . Methods for Do wn-Regulating Expression of an HIV-1 Fusion Cofactor 

Walter Reed Army Institute of Research a Government Agency t 

(Name of Assignee) {Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 



states that it is: 

1.0 the assignee of the entire right, title, and interest; or 

2. □ an assignee of less than the entire right, title and interest. 

The extent (by, percentage) of its ownership interest is % 

in the patent application/patent identified above by virtue of either: 

A. H An assignment from the inventor(s) of the patent application/patent identified above. The assignment 

was recorded in the United States Patent and Trademark Office at Reel , Frame , or for 

which a copy thereof is attached. 

OR 



B. [ ] A chain of title from the inventor(s), of the patent application/patent identified above, to the current 
assignee as shown below: 



1. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel , Frame , or for which a copy thereof is attached. 

2. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel , Frame , or for which a copy thereof is attached. 

3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel , Frame , or for which a copy thereof is attached. 



[ ] Additional documents in the chain of title are listed on a supplemental sheet. 

[ ] Copies of assignments or other documents in the chain of title are attached. 

[NOTE : A separate copy (i.e. f the original assignment document or a true copy of the original document) 
must be submitted to Assignment Division in accordance with 37 CFR Part 3, if the assignment is to be 
recorded in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/q fWcuj XQQ3 Elizabeth Arwine 

' Date Typed or printed name 

0 signature ~ ~ " 

Patent Attorney, U.S. Arm£ U.S. Army Medical 

Recoarrh arwj Material fVimmflnH anrl WaltPr Rppd 

Armv Institute of Research Title 

Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any comments on 
the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC 
20231 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231. 
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J IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant(s): Carl June et al. Art Unit: 1644 

Serial No.: 09/027,205 Examiner: J. Roark 

Filing Date: February 20, 1998 

Title: METHODS FOR DOWN-REGULATING EXPRESSION OF AN HIV- 1 FUSION 

COFACTOR 

CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.10 

I hereby certify that this correspondence is being deposited with the United States Postal Service as "Express Mail 
Post Office to Addressee" Service under 37 C.F.R. § 1.10 on the date indicated below andjs addressed to: 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2213-1450. 



Express Mail No. Date of Deposit Sharon R. Matthews 




Commissioner for Patents, 
P.O. Box 1450 
Alexandria, VA 22313-1450 



WRITTEN CONSENT OF ASSIGNEE AS REQUIRED UNDER 37 C.F.R. S 1.48(a)(5) 

I, Elizabeth Arwine, Patent Attorney for the U.S. Army Medical Research and Material Command and the 
Walter Reed Army Institute of Research, who has the authority to act on behalf of the U.S. Army Medical 
Research and Materiel Command and the Walter Reed Army Institute of Research submit that I have 
reviewed the Declaration Under 37 C.F.R. § 1.132 of Carl H. June (executed on 11 November 2002) in 
which Carl H. June declares that Bruce L. Levine is also a co-inventor of Patent Application Serial No. 
09/027,205, filed February 20, 1998. I have also reviewed the Statement by Bruce L. Levine to Correct 
Inventorship Under 37 C.F.R. § 1.48(a)(2) (executed 8 May 2003) in which Bruce L. Levine requests that 
the inventorship for the above-identified patent application be corrected to include him as a co-inventor 
and indicates that the error in inventorship occurred without any deceptive intent on his part. Thus, I 
consent to having the inventorship corrected in this application to include Bruce L. Levine. 

Respectfully submitted, 



Date: H Mau 2*03 fcU^Uufr Art 

1 Elizweth Arwine 



BOSTON 1655925vl 



PTO/SB/96 (08-00) 
Approved for use through 10/31/2002. OMB 0651-0031 
p C^V U.S.Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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JUL 1 7 2003 i 
AppW^nt/Pat^Eif Owner:. 



STATEMENT UNDER 37 CFR 3.73(b) 

Carl H. June et al. 



09/027,205 



Filed/Issue Date: 



02/20/1998 



Application No./Patent No.: 

Entitled- Methods for D own-regulating Expression of an HIV-1 Fusion Cofactor 

Henry M. Jackson Foundation f or the 



Private, Not-For-Profit Corporation , 

_, a — 

(Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 



states that it is: 

1.0 the assignee of the entire right, title, and interest; or 

2. □ an assignee of less than the entire right, title and interest. 
The extent (by, percentage) of its ownership interest is . 



% 



in the patent application/patent identified above by virtue of either: 

A H An assignment from the inventor(s) of the patent application/patent identified above. The assignment 

was recorded in the United States Patent and Trademark Office at Reel Frame or for 

which a copy thereof is attached. 

OR 

B. [ ] A chain of title from the inventor(s), of the patent application/patent identified above, to the current 
assignee as shown below: 



1 . From: 



To: 



The document was recorded in the United States Patent and Trademark Office at 
Ree | _ Frame , or for which a copy thereof is attached. 



2. From 



To: 



The document was recorded in the United States Patent and Trademark Office at 
Ree i t Frame - or for which a copy thereof is attached. 



3. From: 



To: 



The document was recorded in the United States Patent and Trademark Office at 
Ree | t Frame , or for which a copy thereof is attached. 

[ ] Additional documents in the chain of title are listed on a supplemental sheet. 

r 1 Copies of assignments or other documents in the chain of title are attached. 

[NOTE - A separate copy (i.e., the original assignment document or a true copy of the original document) 
must be submitted to Assignment Division in accordance with 37 CFR Part 3, if the assignment is to be 
recorded in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

i//5^>3 ^ John 



Date 



Typed 





name 



Signature 

Resident, Henry M. Jackson Foundation 



Title 



20231 . DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Comrmss.oner for Patents. Washmgton, DC 20231. 
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PATENTS 

Attorney Docket No. 36119-126US1 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): 
Serial No.: 
Filing Date: 
Title: 



Carl June et al. Art Unit: 1644 

09/027,205 Examiner: J. Roark 

February 20, 1998 

METHODS FOR DOWN-REGULATING EXPRESSION OF AN HIV-1 FUSION 
COFACTOR 



CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.10 

I hereby certify that this correspondence is being deposited with the United States Postal Service as "Express Mad 
Post Office to Addressee" Service under 37 C.F.R. § 1.10 on the date indicated below and is addressed to: 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 2213-1450. D 



Express Mail No. 



Date of Deposit 



Sharon R. Matthews 



Commissioner for Patents, 
P.O. Box 1450 
Alexandria, VA 22313-1450 

WRITTEN CONSENT OF ASSIGNEE AS REQUIRE D UNDER 37 C.F.R. § 1.48(a)(5) 

I, Thomas McDonnell, Patent Counsel of the Navy, who has the authority to act on behalf of the United 
States of America as represented by the Secretary of the Navy submit that I have reviewed the 
Declaration Under 37 C.F.R. § 1 .132 of Carl H. June (executed on 1 1 November 2002) in which Carl H. 
June declares that Bruce L. Levine is also a co-inventor of Patent Application Serial No. 09/027,205, filed 
February 20, 1998. I have also reviewed the Statement by Bruce L. Levine to Correct Inventorship Under 
37 C.F.R. § 1.48(a)(2) (executed 8 May 2003) in which Bruce L. Levine requests that the inventorship for 
the above-identified patent application be corrected to include him as a co-inventor and indicates that the 
error in inventorship occurred without any deceptive intent on his part. Thus, I consent to having the 
inventorship corrected in this application to include Bruce L. Levine. 



Respectfully submitted, 




Thomas McDonnell 



BOSTON 1653172vl 



PTO/SB/96 (08-00) 

llll 1 7 -Jftftt & Approved for use through 10/31/2002. OMB 0651-0031 

JUL l / ZUlW £ U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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^ STATEMENT UNDER 37 CFR 3.73(b) 

Applicant/Patent Owner: CailKJunee^ 



Application No./Patent No.: 09/027,205 Filed/Issue Date: q2fcQ/1W8. 



Entitled* Methods for Down-Regulating Expression of an H1V-1 Fusion Cofactor 



United States of America as represented a Government Agency 



^^ame^r^sllifeY" 0 * * e (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that it is: 

1.0 the assignee of the entire right, title, and interest; or 

2. □ an assignee of less than the entire right, title and interest. 

The extent (by, percentage) of its ownership interest is . 0L 



in the patent application/patent identified above by virtue of either: 

A. M An assignment from the inventor(s) of the patent application/patent identified above. The assignment 

was recorded in the United States Patent and Trademark Office at Reel , Frame or for 

which a copy thereof is attached. 

OR 

B. [ ] A chain of title from the inventor(s), of the patent application/patent identified above, to the current 

assignee as shown below: 



1 . From: To:_ 



The document was recorded in the United States Patent and Trademark Office at 

Reel ( Frame ■ or for which a copy thereof is attached. 



2. From: To:. 



The document was recorded in the United States Patent and Trademark Office at 
Reel , Frame , or for which a copy thereof is attached. 



3. From: To: 



The document was recorded in the United States Patent and Trademark Office at 

Reel , Frame , or for which a copy thereof is attached. 

[ ] Additional documents in the chain of title are listed on a supplemental sheet. 

[ 1 Copies of assignments or other documents in the chain of title are attached. 

[NOTE: A separate copy (i.e., the original assignment document or a true copy of the original document) 
must be submitted to Assignment Division in accordance with 37 CFR Part 3, if the assignment is to be 
recorded in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

21 Thomas McDonne " 



Date ^s? Typed or printed name 




Signature 
Patent Counsel of the Navy 



Title 



Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any ^ments on 
the amount of time you are required to complete this form should be sent to the Chief Information Officer. U.S. Patent and Tractem^ Office Walton, DC 
20231 . DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231 . 



Appl. Serial No.: 09/027,205 

ASSIGNMENT OF INVENTION 



WHEREAS, I CARL H. JUNE of Merion, Pennsylvania while employed by the Government of the United States of 
America, hereinafter referred to as the Government, have invented certain new and useful improvements in Methods for Down- 
Regulating Expression of an HIV-1 Fusion Cofactor identified as Navy Case No. 84088 and described in application for Letters 
Patent of the United States of America, having United States Patent Application Serial No. 09/027,205 filed February 20, 1998; and 

WHEREAS, the Government is desirous of acquiring an assignment of the invention disclosed in said application and 
other rights and benefits herein granted; and 

WHEREAS, the conditions under which the invention was made are such as to entitle the Government under Paragraph 
1(a) of Executive Order 10096, to the entire right, title, and interest therein, including foreign rights; and 

WHEREAS, as to foreign rights, it is the policy of the Government to obtain an option to exercise such rights; 

NOW, THEREFORE, in consideration of the premises and other good and valuable consideration the receipt of which is 
hereby acknowledged, I hereby assign and transfer to the United States of America as represented by the Secretary of the Navy the 
entire right title, and interest in and to said invention within the United States of America its territories and possessions, and the 
entire right, title, and interest in and to said application and any continuation, division or substitution thereof, and such Letters 
Patents as may issue therefrom and any reissue or extensions thereof, said invention, application and Letters Patent to be held by 
the United States of America as represented by the Secretary of the Navy to the end of the term for which said Letters Patent may 
be granted, as fully and entirely as the same would have been held by me had this assignment not been made. 

I do hereby also grant unto the Government, the option to take the entire right, title, and interest in the invention and all 
patent applications or other forms of protection thereon in all countries foreign to the United States of America in which the 
Government may file, or cause to be filed, applications for Letters Patent or other forms of protection, without payment of any 
consideration; provided, however, that this grant of an option to take foreign rights in the invention, or applications or other forms of 
protection thereon, shall have force and effect only as to foreign countries in which an application or other form of protection is filed, 
or which are designated in a Patent Cooperation Treaty application filed within eight months of the filing date of any application for 
United States Letters Patent covering the invention, or within eight months from the declassification of the invention, whichever is 
later, and that ail foreign rights not exercised under the option are left to me subject to a nonexclusive, irrevocable, royalty-free 
license to the Government in any patent or other form of protection which may issue on said invention in any foreign country, 
including the power to issue sub-licenses for use in behalf of the Government and or/ in furtherance of the foreign policies of the 
Government. 

i hereby further agree to make, execute, and deliver to the Government, any and all papers, documents, affidavits, 
statements, or other instruments that may be necessary in the prosecution of the application and of any continuations, division or 
substitution of the application, or any application for reissue or extension of said Letters Patent, and to assist the Government in 
every way in protecting the invention as may be requested, provided that any expenses arising through such efforts will be paid by 
the Government. 

IN TESTIMONY WHEREOF, I have set my hand and affixed my seal. 



Then personally appeared the above named Carl H. June and acknowledged the foregoing instrument to be his free act and deed, 




[signature) SEAL 



Carl H. June 





Notary Public 



My commission expires: 




Standard Assignment , Foreign Rights Optica 




NOTARIAL SEAL 
DIANE L LOGALBO, Notary Public 
City of Riiladelphia, Phila. County 



C:\PATMDLS\ASSIGNME\ASGNMNT1.DOC 
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ASSIGNMENT OF INVENTION 



Appl. Serial No.: 09/027,205 



WHEREAS, I BRUCE L LEVINE of Cherry Hill, New Jersey while employed by the Government of the United States of 
America, hereinafter referred to as the Government, have invented certain new and useful improvements in Methods for Down- 
Regulating Expression of an HIV-1 Fusion Cofactor identified as Navy Case No. 84088 and described in application for Letters 
Patent of the United States of America, having United States Patent Application Serial No. 09/027,205 filed February 20, 1998; and 

WHEREAS, the Government is desirous of acquiring an assignment of the invention disclosed in said application and 
other rights and benefits herein granted; and 



WHEREAS, the conditions under which the invention was made are such as to entitle the Government under Paragraph 
1(a) of Executive Order 10096, to the entire right, title, and interest therein, including foreign rights; and 

WHEREAS, as to foreign rights, it is the policy of the Government to obtain an option to exercise such rights; 

NOW, THEREFORE, in consideration of the premises and other good and valuable consideration the receipt of which is 
hereby acknowledged, I hereby assign and transfer to the United States of America as represented by the Secretary of the Navy the 
entire right title, and interest in and to said invention within the United States of America its territories and possessions, and the 
entire right, title, and interest in and to said application and any continuation, division or substitution thereof, and such Letters 
Patents as may issue therefrom and any reissue or extensions thereof, said invention, application and Letters Patent to be held by 
the United States of America as represented by the Secretary of the Navy to the end of the term for which said Letters Patent may 
be granted, as fully and entirely as the same would have been held by me had this assignment not been made. 

I do hereby also grant unto the Government, the option to take the entire right, title, and interest in the invention and all 
patent applications or other forms of protection thereon in all countries foreign to the United States of America in which the 
Government may file, or cause to be filed, applications for Letters Patent or other forms of protection, without payment of any 
consideration; provided, however, that this grant of an option to take foreign rights in the invention, or applications or other forms of 
protection thereon, shall have force and effect only as to foreign countries in which an application or other form of protection is filed, 
or which are designated in a Patent Cooperation Treaty application filed within eight months of the filing date of any application for 
United States Letters Patent covering the invention, or within eight months from the declassification of the invention, whichever is 
later, and that all foreign rights not exercised under the option are left to me subject to a nonexclusive, irrevocable, royalty-free 
license to the Government in any patent or other form of protection which may issue on said invention in any foreign country, 
including the power to issue sub-licenses for use in behalf of the Government and or/ in furtherance of the foreign policies of the 
Government. 

I hereby further agree to make, execute, and deliver to the Government, any and all papers, documents, affidavits, 
statements, or other instruments that may be necessary in the prosecution of the application and of any continuations, division or 
substitution of the application, or any application for reissue or extension of said Letters Patent, and to assist the Government in 
every way in protecting the invention as may be requested, provided that any expenses arising through such efforts will be paid by 
the Government. 



SI* 



IN TESTIMONY WHEREOF, I Iha^ set my hand and affyced my seal. 

{date) ^ / X^Sjf /£\ (signature) SEAL 



Then personally appeared the above named Bruce L Levine and acknowledged the foregoing instrument to be his free act and 
deed, before me, this /A day of hjCt^ 2003. 

Notary Public 



NOTARIAL SEAL 
DIANE L LOGALBO, Notary Public 
OlyCt Philadelphia, Phila. County 
My CWWfeSfen Expires September 5, 2005 



My commission expires: 



Standard Assignment , Foreign Rights Option 
BOSTON 1 658973v 1 
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ASSIGNMENT 

WHEREAS, I, JAMES L. RILEY; of H^T G*ekiJ& pr Qt>^'nA)Un f '4 /^3>T. 

in consideration of One Dollar and other valuable consideration paid to me Dy 

WALTER REED ARMY INSTITUTE OF RESEARCH 

Washington DC 20307-5100, the receipt of which is hereby acknowledged, does hereby sell, assign and 

transfer unto said 

WALTER REED ARMY INSTITUTE OF RESEARCH 

its successors and assigns, the entire interest for the United States of America and all foreign countries 
including all rights of priority under the International Convention for the Protection of Industrial 
Property in a certain invention or improvement in METHODS FOR DOWN-REGULATING 
EXPRESSION OF AN HIV-1 FUSION COF ACTOR Described in an application 

executed by me of even date herewith and about to be filed 

V Serial No. 09/027,205, filed on February 20, 1998 

in the United States Patent and Trademark Office, and in all Letters Patent of the United States and all 
foreign countries which may or shall be granted on said invention, or any arts thereof, or on said 
application, or any divisional, continuing, reissue or other applications based in whole or in part thereon. 
And I agree, for myself and my executors and administrators, with said corporation and its successors 
and assigns but at its or their expense and charges, hereafter to execute all applications, amended 
specifications, deed or other instrument, and to do all acts necessary or proper to secure the grant of 
Letters Patent in the United States and in all other countries to said corporation, with specifications and 
claims in such form as shall be approved by the counsel of said corporation and to vest and confirm in 
said corporation, its successors and assigns, the legal title to all such patents. 

And I do hereby authorize and request the Commissioner of Patents and Trademarks of the 
United States to issue such Letters Patent as shall be granted upon said application or applications based 
thereon to said corporation, its successors and assigns. 

WITNESS my hand and seal this davof ^ V 




State of %nnsul\^n<&_ ) 
County of "Pht \&&diphlC*-* ) 

ft J o?0£3/du 

Then personally appeared before me this ' day of rPH 2902-, the above named 



ofljYULS L- fyleU who acknowledged the forgoing instrument to be his fre 

1 foiOLlU kofyjJlb 



free act and deed. 
, d 

Notary Public 



MHARIAL-SEAL 



BOSTON 1656390vl 
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ASSIGNMENT 



WHEREAS, I, RICHARD G. CARROLL; of *H^~ Wftw < L^JU^ <?A np<P , 

in consideration of One Dollar and other valuable consideration paid to me by 

HENRY M. JACKSON FOUNDATION 

1401 Rockville Pike, Suite 600, Rockville, MD 20852, the receipt of which is hereby acknowledged, does 
hereby sell, assign and transfer unto said 

HENRY M. JACKSON FOUNDATION 

its successors and assigns, the entire interest for the United States of America and all foreign countries 
including all rights of priority under the International Convention for the Protection of Industrial 
Property in a certain invention or improvement in METHODS FOR DOWN-REGULATING 
EXPRESSION OF AN HIV-1 FUSION COF ACTOR Described in an application 

executed by me of even date herewith and about to be filed 

V Serial No. 09/027,205, filed on February 20, 1998 

in the United States Patent and Trademark Office, and in all Letters Patent of the United States and all 
foreign countries which may or shall be granted on said invention, or any arts thereof, or on said 
application, or any divisional, continuing, reissue or other applications based in whole or in part thereon. 
And I agree, for myself and my executors and administrators, with said corporation and its successors 
and assigns but at its or their expense and charges, hereafter to execute all applications, amended 
specifications, deed or other instrument, and to do all acts necessary or proper to secure the grant of 
Letters Patent in the United States and in all other countries to said corporation, with specifications and 
claims in such form as shall be approved by the counsel of said corporation and to vest and confirm in 
said corporation, its successors and assigns, the legal title to all such patents. 

And I do hereby authorize and request the Commissioner of Patents and Trademarks of the 
United States to issue such Letters Patent as shall be granted upon said application or applications based 
thereon to said corporation, its successors and assigns. 



WITNESS my hand and seal this ^ d ^7^ \^J^^L 



RICHARD G. CARROLL 



State ofl^r>nS^I\^u>' ! ^- 

County of ^MOtAt \pHu 

q Then personally appeared before me this day of lACp^ , 2( 

^\(\tuin. Cdffdli who acknowledged the foi>going instrument to be his free act and deed. 

/ ftouut , h Uof) aA J hQ 

Notary Public 



, 2003, the above named 



NOTARIAL SEAL ~* 
DIANE L LOGALBO, Notary Public 
City of Philadelphia, Phila. County 
My Commission Expires Septembers 2005 



BOSTON 1650150vl 
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ASSIGNMENT 



WHEREAS, I, DANIEL C. ST. LOUIS; of j£>cx^ tX<s^g^ . <C^WftxvuW 
in consideration of One Dollar and other valuable consideration paid to me by 



HENRY M. JACKSON FOUNDATION 

1401 Rockville Pike, Suite 600, Rockville, MD 20852, the receipt of which is hereby acknowledged, does 
hereby sell, assign and transfer unto said 

HENRY M. JACKSON FOUNDATION 

its successors and assigns, the entire interest for the United States of America and all foreign countries 
including all rights of priority under the International Convention for the Protection of Industrial 
Property in a certain invention or improvement in METHODS FOR MODULATING EXPRESSION OF 
AN HIV-1 FUSION COF ACTOR Described in an application 

■ executed by me of even date herewith and about to be filed 

V Serial No. 09/027,205, filed on February 20, 1998 

in the United States Patent and Trademark Office, and in all Letters Patent of the United States and all 
foreign countries which may or shall be granted on said invention, or any arts thereof, or on said 
application, or any divisional, continuing, reissue or other applications based in whole or in part thereon. 
And I agree, for myself and my executors and administrators, with said corporation and its successors 
and assigns but at its or their expense and charges, hereafter to execute all applications, amended 
specifications, deed or other instrument, and to do all acts necessary or proper to secure the grant of 
Letters Patent in the United States and in all other countries to said corporation, with specifications and 
claims in such form as shall be approved by the counsel of said corporation and to vest and confirm in 
said corporation, its successors and assigns, the legal title to all such patents. 

And I do hereby authorize and request the Commissioner of Patents and Trademarks of the 
United States to issue such Letters Patent as shall be granted upon said application or applications based 
thereon to said corporation, its successors and assigns. r 

WITNESS my hand and seal this /ff dayof ^><^ 2002. 

State of (IdifelTUCL ) 

County of tbftlA*Di<gy> ) 
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The Mode and Duration of Anti-CD28 Costimulation Determine 
Resistance to Infection by Macrophage-Tropic Strains of 
Human Immunodeficiency Virus Type 1 In Vitro 
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We have investigated the ability of anti-CD28 antibody costimulation to induce resistance to macrophage 
(M)-tropic strains of human immunodeficiency virus type 1 (HIV-1) in vitro. Our results confirm the obser- 
vations of Levine et al. (15) that stimulation of CD4 T cells with anti-CD3/anti-CD28 antibodies coimmobilized 
on magnetic beads renders the cells resistant to infection by M-tropic strains of HIV-1. The resistance was 
strongest when the beads were left in the cultures throughout the experiment. In contrast, stimulation of CD4 
T cells with the same antibodies immobilized on the surface of plastic culture dishes failed to induce resistance 
and resulted in high levels of p24 production. This was true even if the cells were passaged continuously on 
freshly coated plates. If the beads were removed after initial stimulation, p24 production increased over time 
and produced a result intermediate to the other forms of stimulation. For beads-in, beads-out, and one-time 
plate stimulated cultures, resistance to infection correlated with down-regulation of CCR5 expression at the 
cell surface and with increased production of 0-chemokines. However, cultures of CD4 T cells continuously 
passaged on anti-CD3/anti-CD28-coated plates produced large amounts of p24 despite decreased levels of 
CCR5 expression and increasing production of p-chemokines. Expression of the T-cell activation markers 
CD25 and CD69 and production of gamma interferon further supported the differences in plate versus bead 
stimulation. Our results explain the apparent contradiction between the ability of anti-CD28 antibody co- 
stimulation to induce resistance to HIV infection when presented on magnetic beads and the increased ability 
to recover virus from the cells of HIV-positive donors who are on highly active antiretroviral therapy when cells 
are stimulated by anti-CD3/anti-CD28 immobilized on plastic dishes. 



The inability to grow autologous T cells ex vivo, in particular 
CD4 T cells, from human immunodeficiency virus (HIV)-pos- 
itive donors has been a major stumbling block for the devel- 
opment of T-cell replacement therapies for AIDS. Recently, 
Levine et al. developed a method for expanding CD4 T cells 
from HIV-positive donors in vitro in the absence of antiretro- 
viral drugs with minimal viral replication (15, 16). Their 
method uses stimulation of highly purified CD4 T cells with 
anti-CD3 and anti-CD28 antibodies coimmobilized on mag- 
netic beads. They have further shown that costimulation of 
CD4 T cells by anti-CD28-coated beads renders the cells re- 
sistant to infection by macrophage (M)-tropic strains of HIV 
type 1 (HIV-1) in vitro (5, 15, 20). HIV production is negligible 
after the first 2 weeks of culture in the absence of antiviral 
drugs, and proviral DNA is nearly undetectable. The mecha- 
nism by which CD28 costimulation induces resistance appears 
to have two components. The first is by inducing the produc- 
tion of high levels of p-chemokines (MIP-la, MIP-ip, RAN- 
TES) which can block access to CCR5, the coreceptor for 
M-tropic strains of HIV-1 (5, 20). This component is indepen- 
dent of CD28 and can be achieved by costimulation with other 
T-cell surface receptors such as CD2, CD4, CD5, or CD8 (20). 
The second component, which is dependent on costimulation 
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by CD28, is the down-regulation of CCR5 expression at the 
RNA level (20). 

In contrast, other groups have reported that costimulation 
with anti-CD3/anti-CD28 can result in increased virus produc- 
tion (2, 21, 24). In these reports, costimulation with anti-CD28 
by antibodies immobilized on plastic dishes or provided by B7 
expression on fixed antigen-presenting cells resulted in in- 
creased p24 production by primary CD4 T cells compared to 
that resulting from stimulation by phytohemagglutinin or anti- 
CD3 alone. However, both groups used T-tropic viruses, which 
were not inhibited by CD3/CD28 bead stimulation in the stud- 
ies of Levine et al. (15). Recently, costimulation of patient T 
cells by anti-CD3 and anti-CD28 antibodies immobilized on 
plastic dishes was demonstrated to be a highly sensitive tech- 
nique for recovery of HIV from the cells of patients on highly 
active antiretroviral therapy with no detectable virus load (27). 
This observation is particularly significant since most primary 
isolates of HIV-1 are M-tropic CCR5 -dependent viruses (7, 18, 
19). Together these results show that costimulation with anti- 
CD3/anti-CD28, under certain circumstances, can result in en- 
hanced replication of M-tropic as well as T-tropic strains of 
HIV. 

To more closely examine the issue of resistance to HIV 
infection, we stimulated highly enriched populations of pri- 
mary human CD4 T cells with anti-CD3/anti-CD28 antibodies 
immobilized on magnetic beads or on the surface of plastic 
culture dishes. Our experiments confirmed that costimulation 
with anti-CD3/anti-CD28 beads reduces p24 production but 
that the mode and duration of exposure to anti-CD28 have a 
significant impact on the extent of resistance to M-tropic 
strains of HIV-1 in vitro. Whereas stimulation of CD4 T cells 
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with anti-CD3/anti-CD28 beads almost completely inhibited 
replication of HIV as measured by p24 production, stimulation 
by antibodies immobilized on plastic dishes resulted in high 
levels of p24 production. This was true even with continuous 
passage of cells on freshly coated plates. Increased production 
of p-chemokines and decreased CCR5 coreceptor expression 
correlated with the induction of resistance to HIV infection 
denoted by decreased p24 production. The exception was 
continuous plate stimulation which led to high levels of p24 
production despite down-regulation of CCR5 and increased 
production of p-chemokines. Anti-CD3/anti-CD28 bead stim- 
ulation further gave rise to increased expression of the T-cell 
activation markers CD25 and CD69 and also with increased 
production of gamma interferon (IFN-7) in comparison to that 
resulting from stimulation with antibodies immobilized on 
plates. These results suggest that the strength and duration of 
the activation signal(s) play a role in the ability of CD28 co- 
stimulation to induce resistance and further explain how CD28 
costimulation can induce resistance to HIV infection under 
certain conditions and result in increased virus production in 
others. 

MATERIALS AND METHODS 

Normal donor cells and culture conditions. Fresh normal donor peripheral 
blood mononuclear cells isolated by Ficoll-Hypaque centrifugation were en- 
riched for CD4 + T cells by depletion of CD8 + and CD14+ cells by using 
antibody-coated magnetic beads (Dynabeads M-450; Dynal, Lake Success, N.Y.) 
in accordance with the manufacturer's instructions. The resulting T-cell popula- 
tion typically contained 60 to 85% CD4+ T cells, with <10% CD8 + and the 
remainder being CD4" CD8". All cells were diluted to a concentration of 10 6 /ml 
by using fresh AR medium (a 1:1 mixture of AIM V medium [GIBCO, Grand 
Island, N.Y.] supplemented with 4 mM L-glutamine and RPMI 1640 medium 
[JRH Biosciences, Lenexa, Kans.] supplemented with 10% heat-inactivated fetal 
bovine serum [HyClone Laboratories, Inc., Logan, Utah], 4 mM L-glutamine, 100 
U of penicillin per ml, 100 u.g of streptomycin per ml, and 10 mM HEPES, giving 
a final concentration of 5% fetal bovine serum). Cultures were split and fed with 
fresh AR medium supplemented with 100 IU of recombinant human interleu- 
kin-2 (IL-2) (Proleukin; Chiron Therapeutics, Emeryville, Calif.) on days 3, 5, 7, 
10, and 13 poststimulation to maintain a concentration of 10 6 cells/ml. 

Stimulation. CD4-enriched T-cell populations were stimulated with anti-CD3 
(OKT3; Ortho Diagnostics, Raritan, NJ.) and anti-CD28 (Leu-28; Becton Dick- 
inson Immunocytometry Systems, San Jose, Calif.) monoclonal antibodies either 
directly coated on plastic tissue culture plates or immobilized on sheep anti- 
mouse immunoglobulin G-coated magnetic beads (Dynabeads M-450; Dynal) 
with a concentration of 150 fg of each antibody per bead (17). In a typical 
experiment, 500 ng of each antibody per ml was used to coat plates while bead 
stimulation was performed with a bead/cell ratio of 3: 1. On day 3 poststimulation, 
T cells were removed from the coated plates while bead-stimulated cells were 
split into two cultures; beads were either removed (beads-out) or left in the 
culture for the duration of the experiment (beads-in). For continuous plate 
stimulation, the day 3 plate-stimulated culture was split into two subcultures, one 
of which was transferred to a fresh plate coated with anti-CD3 and anti-CD28 
antibodies and continuously passaged on fresh anti-CD3/anti-CD28-coated 
plates (continuous plate) and the other of which was maintained by using un- 
coated plates (one-time plate). 

HIV infections. On days 3 and 7 poststimulation, cells were infected with the 
M-tropic strains of HIV-1, JRCSF or SF162, by resuspending 10 6 cells directly in 
supernatant containing approximately 50 ng of p24 for 4 h at 37°C, after which 
excess virus was removed by centrifugation and 10 6 infected cells were cultured 
in 2 ml of AR medium with 100 IU of IL-2 per ml. To minimize the potential 
stearic inhibition of infection by beads bound to the cells in bead-stimulated 
cultures, the clumps of beads and cells were disrupted as much as possible by 
vigorous pipetting during resuspension with the virus-containing supernatant. 
This procedure results in a near-single-cell suspension, with none to a few beads 
bound to each cell as observed microscopically. Aliquots of supernatant from the 
infected cultures were removed on days 3 and 7 postinfection and analyzed for 
p24 by enzyme-linked immunosorbent assay (ELISA) (p24 ELISA kit; DuPont- 
NEN, Boston, Mass.). Where indicated, infected plate-stimulated or beads-out 
cells were resuspended in 100% conditioned medium (CM) from a noninfected 
beads-in culture harvested the same day as the day of infection and spiked with 
100 IU of IL-2 per ml. 

Surface antigen expression and cytokine production. The composition of the 
enriched cell populations was assessed by directly staining the cells with fluoro- 
chrome-conjugated anti-CD3, -CD4, -CD8, and -CD14 antibodies (Dako, 
Carpinteria, Calif., or Coulter/Immunotech, Miami, Fla.) by using standard 
methods and analyzed by flow cytometry with a Becton-Dickinson FACScan 



TABLE 1. Resistance of CD4 + T cells to infection with M-tropic 
HIV-1 is dependent on the method of stimulation 0 



p24 (ng/ml) 



Donor 


Strain 


Stimulation 


Day 3 infection 


Day 7 infection 


Day 3 


Day 7 


Day 3 


Day 7 


M75 


JRCSF 


Plate 


272 


2,020 


270 


1,524 






Beads out 


3.8 


1,624 


123 


2,044 






Beads in 


0.5 


2.0 


0.2 


1.6 


M83 


JRCSF 


Plate 


24 


520 


3.0 


404 






Beads out 


0.4 


38 


76 


1,664 






Beads in 


0.3 


0.3 


0.2 


0.1 


T95 


JRCSF 


Plate 


31 


2.8 


454 


86 






Beads out 


1.5 


0.9 


98 


194 






Beads in 


0.6 


0.3 


1.1 


0.4 


T48 


SF162 


Plate 


322 


2,012 


7.3 


122 






Beads out 


0.9 


150 


11 


510 






Beads in 


0.3 


0.8 


5.0 


5.6 



a Enriched primary CD4 T cells (60 to 85% CD4 + ) were stimulated with 
anti-CD3 and anti-CD28 antibodies immobilized on magnetic beads or on plastic 
tissue culture dishes and infected on either day 3 or day 7 poststimulation with 
HIV-1 JRCSF or SF162 at 50 ng of p24/10 6 cells. For plate and beads-out 
cultures, the source of stimulation was removed on day 3 prior to infection. 
Supernatants were harvested on day 3 and day 7 postinfection and analyzed for 
p24 by ELISA. 



instrument and CellQuest analysis software. At indicated times poststimulation, 
noninfected cells were surface stained for the expression of the coreceptor CCR5 
by using a phycoerythrin-conjugated monoclonal antibody to CCR5 (clone no. 
2D7; Pharmingen, San Diego, Calif.) and for the T-cell activation markers CD25 
and CD69 (anti-IL-2 receptor-fluorescein isothiocyanate-FITC and Leu-23-flu- 
orescein isothiocyanate, respectively; Becton Dickinson Immunocytometry Sys- 
tems, San Jose, Calif.). For (3-chemokine and cytokine production, aliquots of 
media were removed at the indicated times poststimulation and analyzed for the 
presence of RANTES, MlP-la, MIP-1|3, and IFN-7 by ELISA (Quantikine kits; 
R&D Systems, Minneapolis, Minn.). 

RESULTS 

Resistance to HIV infection is induced by bead stimulation 
but not by plate-bound anti-CD3/anti-CD28. To determine if 
alternative forms of anti-CD3/anti-CD28 antibody costimula- 
tion had equal abilities to render cultured T cells resistant to 
infection with M-tropic strains of HIV-1, we stimulated en- 
riched CD4 T cells (60 to 85% CD4 + ) with antibodies bound 
to magnetic beads or immobilized on plastic culture dishes. 
Initially, three culture conditions were compared: (i) antibody- 
coated magnetic beads left in the cultures throughout the ex- 
periment (beads in) analogous to the method of Levine et al. 
(15, 16); (ii) beads removed on day 3 poststimulation prior to 
infection (beads out); and (iii) antibodies immobilized on plas- 
tic culture plates with cells removed from the plates on day 3 
poststimulation, prior to infection (plate). On day 3 or day 7 
poststimulation, the T cells were infected with the M-tropic 
strains of HIV-1, JRCSF or SF162, as described in Materials 
and Methods. HIV replication in the cultures was measured on 
day 3 and day 7 postinfection by p24 ELISA. In cultures of 
CD4 T cells stimulated with anti-CD3/anti-CD28 beads, little 
or no p24 was produced in the 7 days following infection with 
either of the M-tropic virus strains (Table 1). This was true if 
cells were infected on either day 3 or day 7 poststimulation but 
only if the beads were left in the culture. In contrast, cultures 
of cells stimulated by CD3/CD28 bound to plastic dishes pro- 
duced high levels of p24 following infection. Production of p24 
correlated directly with the growth rate of the cells, which 
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Day 3 




Day 7 




Day 13 : 






CCR5 

FIG 1 Surface expression of CCR5 increases over time in plate and beads-out cultures but remains undetectable in the continuous presence of CD3/CD28 beads. 
NonMected CWenriched T cells (60 to 85% CD4+) stimulated with anti-CD3 and anti-CD28 antibodies immobiUzed on magnefc beads or on 
Dtamntaoribed 1 in the legend for Table 1 were co lected at various times poststimulation, stained with anti-CCR5 phycoeryrtjrin, and analyzed by flow cytometry 
Tta££oS tthows C«i expression before stimulation (dotted line, isotype control). Data are shown for days 0, 3, 7, and 13 representmg the beguinmg and end 

of the cultures and the days on which infections were performed in Table 1. 



varied from donor to donor. Supernatant p24 was detectable 
by day 3 postinfection and increased as much as 10-fold by day 
7 postinfection. However, in some experiments, p24 levels were 
lower on day 7 postinfection. This is most likely due to the 
cytopathic effects of high amounts of virus replication at early 
times postinfection. In the majority of experiments, p24 pro- 
duction was lower in beads-out cultures than in plate-stimu- 
lated cultures following infection on day 3 poststimulation (Ta- 
ble 1). This was true for both JRCSF and SF162 and was more 
pronounced on day 3 postinfection than on day 7 postinfection. 
For infections on day 7 poststimulation, p24 production in 
beads-out cultures is much more vigorous and often higher 
than in plate-stimulated cultures. Again, this reflects a higher 
rate of cell growth in the beads-out cultures and also the lower 
levels of virus replication at early times postinfection. These 
results suggest that there is some resistance to infection in 
beads-out cultures when infections are performed immediately 
following bead removal, but the effect is lost over time. Thus 
CD3/CD28 costimulation has completely opposite effects on 
the replication of M-tropic strains of HIV-1 depending on how 
the antibodies are immobilized and how long the cells are 
exposed to the stimulation. The inability of these viruses to 
propagate in cultures of bead-stimulated cells so long as the 
beads remain present suggests that they are resistant to further 
infection. Furthermore, the observation that beads-in stimu- 



lated cells infected on day 7 poststimulation, when the bead/ 
cell ratio has become less than 1:1 (by dilution), still fail to 
generate significant virus replication argues against stearic in- 
hibition of infection by the beads. 

Down-regulation of CCR5 surface expression correlates 
with resistance induced by CD3/CD28 beads. Since resistance 
to HIV infection was reported to involve down-regulation of 
CCR5 mRNA (5), we examined our cultures to see if the 
differences in p24 production by cells stimulated by CD3/CD28 
on beads or plates could be attributed to differences in CCR5 
expression on the cell surface. Noninfected enriched CD4 T 
cells were stained for CCR5 expression and analyzed by flow 
cytometry. CCR5 expression was analyzed in eight donors over 
several independent experiments with similar results in each 
case. Representative data is shown in Fig. 1. Initially, only a 
small percentage of resting CD4 cells had CCR5 expression 
detectable by fluorescence-activated cell sorting (Fig. 1, day 0). 
Following bead stimulation, CCR5 expression disappeared 
from the cell surface and was not detectable for at least 13 days 
poststimulation so long as the beads remained present in cul- 
tures. If the beads were removed on day 3 poststimulation, 
CCR5 expression gradually returned, reaching detectable lev- 
els by day 7 to 10 poststimulation. In contrast, CCR5 expres- 
sion was significantly increased after stimulation by antibodies 
immobilized on plastic dishes, with the majority of the cells 
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being positive by day 13 poststimulation and some expressing 
relatively high levels of CCR5. Our results using fluorescence- 
activated cell sorting to detect cell surface expression are con- 
sistent with the observations of Carroll et al. (5) that CCR5 
expression is down-regulated by stimulation with anti-CD3/ 
anti-CD28-coated beads but further show that plate-immobi- 
lized antibody stimulation has the opposite effect, significantly 
increasing expression of CCR5. 

Stimulation of p-chemokine production correlates with re- 
sistance to HIV infection. The presence of p-chemokines in the 
culture supernatant of stimulated T cells could interfere with 
infection by competing for binding to the chemokine receptors. 
This has been reported as a mechanism for inhibiting HIV 
infection (1, 6, 8, 9, 23, 26, 28). Riley et al. (20) also reported 
that one factor in the induction of HIV resistance induced by 
costimulation was the induction of p-chemokine secretion, al- 
though this mechanism was not dependent on CD28 per se. 
When we assayed our cultures for the presence of the p-che- 
mokines MlP-la, MIP-lp, and RANTES, we found that bead- 
stimulated cells produced high levels of all three chemokines 
while plate-stimulated cells produced markedly lower levels of 
p-chemokines (Fig. 2A). The differences in p-chemokine pro- 
duction were most pronounced at later times poststimulation. 
In bead-stimulated cultures, the levels of all three chemokines 
remained elevated for the entire culture period while declining 
rapidly in plate-stimulated cultures. In cultures of cells where 
the beads were removed on day 3 poststimulation, there was an 
initial burst of chemokine production which then rapidly de- 
clined following bead removal. A similar pattern of p-chemo- 
kine production was observed in five different donors. The 
latter observation indicates that continuous presence of CD3/ 
CD28 stimulation is necessary for maintaining high levels of 
p-chemokine production. 

To further demonstrate the importance of chemokines in 
inhibiting HIV infection, we added CM collected from the 
bead-stimulated (beads-in) cultures to cultures of cells where 
the beads had been removed or where cells were stimulated by 
plate-bound antibodies. The CM was harvested the same day 
poststimulation on which the infections were performed (day 3 
or day 7). Figure 2B shows that the presence of CM from the 
beads-in cultures greatly inhibited p24 production in cultures 
of plate-stimulated cells or cultures where the beads were 
removed, even when added after the infection had occurred. 
Replication of both JRCSF and SF162 (Fig. 2C) was inhibited 
in the presence of CM in independent experiments with two 
different donors. This inhibition is presumably because of com- 
petition for coreceptor binding, down-regulation of the core- 
ceptor from the surface as a result of chemokine binding, or 
both. Together these data indicate that the availability of the 
HIV coreceptor plays a critical role in the propagation of HIV 
infection in vitro. 

Higher and prolonged expression of T-cell activation mark- 
ers in bead-stimulated cultures. The data presented above 
indicate that the duration of exposure to CD3/CD28 stimula- 
tion is important for maintaining a state of resistance to HIV 
infection in vitro. The observation that there are differences in 
CCR5 expression and p-chemokine production evident on day 
3 poststimulation further suggests that there may be some 
intrinsic differences in bead versus plate stimulation. One pos- 
sible explanation for the differences in the effects of CD3/ 
CD28 immobilized on magnetic beads versus those on plastic 
dishes is that the quality or strength of the signal differs be- 
tween the two methods. We addressed this indirectly by look- 
ing at the expression of T-cell activation markers following 
stimulation by either CD3/CD28 beads or plate-bound anti- 
bodies. CD69 is the earliest known activation marker to appear 



on the cell surface following stimulation (25). CD25, the IL-2 
receptor a-chain, appears shortly after CD69 and declines as 
cell proliferation decreases (4, 11). We compared CCR5, 
CD25, and CD69 expression levels in our enriched CD4 T-cell 
populations (60 to 85% CD4 + ) following various forms of 
CD3/CD28 stimulation. The data shown in Fig. 3 is from one 
of three different donors where a direct comparison of all three 
markers was performed. CCR5 expression remained absent 
from bead-stimulated cells in the continuous presence of 
beads, gradually returned when beads were removed, and was 
up-regulated in plate-stimulated cultures as described above 
(Fig. 3A). Both CD69 and CD25 expression levels were in- 
duced following stimulation with anti-CD3/anti-CD28 regard- 
less of which method was used, although the induction was 
more profound on day 3 following bead stimulation (Fig. 3B 
and C). By day 5 poststimulation, CD69 levels had returned to 
baseline in the plate-stimulated cultures and in cultures where 
the beads were removed. In cultures where beads remained 
present (beads-in), CD69 expression remained elevated for at 
least 13 days poststimulation. CD25 expression remained ele- 
vated throughout the culture period when the beads were left 
in. Expression gradually returned to baseline levels in plate- 
stimulated cultures and in cultures where the beads were re- 
moved but remained elevated longer in the beads-out cultures. 
We also looked at production of IFN-7 as an indicator of the 
level of T-cell activation in the same three donors. Represen- 
tative results from one donor are shown in Fig. 4. The levels of 
IFN--V produced as a result of various forms of CD3/CD28 
stimulation followed the same pattern as the production of 
p-chemokines. The production of IFN-7 was higher and lasted 
longer in bead-stimulated cultures where the beads were left in 
and dropped steadily in cultures of plate-stimulated cells or 
cultures where the beads were removed, although the drop 
seemed more precipitous in the plate-stimulated cultures. A 
similar pattern was observed in the other two donors. These 
data indicate that prolonged expression of T-cell activation 
markers correlates with a decrease in CCR5 expression and 
increased production of p-chemokines and IFN-7 and further 
demonstrates that duration of exposure to anti-CD3/anti- 
CD28 stimulation is important for maintaining a high level of 
T-cell activation. The differences in CD25 and CD69 expres- 
sion on day 3 poststimulation suggest that immobilizing the 
antibodies on beads provides a more potent signal than the 
same antibodies immobilized on the surface of a culture dish. 

Continuous passage on anti-CD3/anti-CD28-coated plates 
also down-regulates CCR5. To further address the effect of 
signal duration on the induction of resistance, we compared 
beads-in stimulation with continuous passage on anti-CD3/ 
anti-CD28-coated plates by using cells from two different do- 
nors. For these experiments, noninfected enriched CD4 T cells 
were stimulated with anti-CD3/anti-CD28 antibodies on beads 
(beads in) or on plastic dishes where the cells were transferred 
to uncoated plates on day 3 or passaged continuously on 
freshly coated plates. In the latter case, plate-stimulated cells 
were harvested on day 3 poststimulation and replated on fresh 
antibody-coated plates. This procedure was repeated for each 
split of the culture. In these experiments, continuous passage 
on fresh anti-CD3/anti-CD28-coated plates resulted in pro- 
longed down-regulation of CCR5 similar to that seen with 
continuous bead stimulation (Fig. 5A). Induction levels of 
CD25 and CD69 expression were also analyzed. Both markers 
were induced to a greater degree by bead stimulation than by 
plate stimulation, as previously noted. Continuous passage on 
fresh antibody-coated plates also had an effect on CD25 ex- 
pression, maintaining it at higher levels than those seen with 
one-time plate stimulation, but still lower than those seen in 
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the bead-stimulated cultures. CD69 expression also was higher 
in bead-stimulated cultures and was not dramatically affected 
by continuous plate stimulation (data not shown). 

Increased production of p-chemokines and IFN-7 following 
continuous plate stimulation. In the same experiment, we also 
asked whether continuous plate stimulation would increase 
production of p-chemokines and IFN--y similar to continuous 
bead stimulation. At the indicated times postinfection, super- 
natants were assayed for the presence of MlP-la, MIP-ip, 
RANTES, and IFN-7 by ELISA. Results from one of two 
donors are shown in Fig. 5B. Bead-stimulated cells produced 
relatively high levels of all four cytokines as expected. On day 
3 poststimulation, plate-stimulated cultures contained low lev- 
els of all four cytokines. When the cells were transferred to 
uncoated plates, there was little to no increase in cytokine 
production. However, when the cells were repeatedly trans- 
ferred to fresh anti-CD3/anti-CD28-coated plates, the levels of 
all cytokines rose continually over the next 10 days, reaching 
levels similar to those in bead-stimulated cultures. 
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FIG. 2. p-Chemokine production varies with the method of CD3/CD28 stim- 
ulation. (A) Production of p-chemokines by noninfected cells. Aliquots of cul- 
ture supernatants from noninfected CD4-enriched primary T cells were collected 
on days 3, 5, 7, 10, and 13 poststimulation and assayed for the presence of 
RANTES, MlP-la, and MIP-ip by ELISA. Results of a representative experi- 
ment are shown. (B and C) CM from beads-in cultures inhibits replication of 
M-tropic viruses. Cultures were infected on day 3 or day 7 poststimulation with 
50 ng of p24/10 6 cells of HIV-1 JRCSF (B) or SF162 (C), washed, and resus- 
pended in either fresh medium or 100% CM from the beads-in culture collected 
on the same day poststimulation. All cultures were supplemented with 100 IU of 
11^2 per ml. Panel B shows the inhibition of JRCSF replication in plate-stimu- 
lated cultures following infection on day 3 or day 7 poststimulation. Panel C 
shows inhibition of SF162 replication in plate-stimulated cultures following in- 
fection on day 3 poststimulation. 
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expression; (B) CD25 expression; (C) CD69 expression. 
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Continuous stimulation on anti-CD3/anti-CD28-coated plates 
does not induce resistance to HIV infection. Since continuous 
plate stimulation caused the down-regulation of CCR5 and 
increased secretion of p-chemokines, we expected that this 
method of stimulation also would induce resistance to infec- 
tion by M-tropic strains of HIV-1. To test this hypothesis, 
enriched CD4 T cells were infected with HIV-1 JRCSF and 
SF162 on day 3 and day 7 poststimulation and the cultures 
were assayed for p24. Cells from two different donors were 
tested with both viruses. The results are shown in Fig. 6. Con- 
tinuous bead stimulation almost completely inhibited virus 
replication, and one-time plate stimulation led to high levels of 
p24 production, as observed in previous experiments (Table 1; 
Fig. 2). Surprisingly, continuous plate stimulation gave rise to 
high levels of p24 production relative to those resulting from 
one-time plate stimulation, in most cases, and sometimes 
higher. The lower levels of p24 production following infections 
on day 7 poststimulation are probably due to decreased cell 
growth at this point in the cultures. The fact that neither 
one-time nor continuous plate stimulation consistently leads to 
lower p24 production suggests that there is no real difference 
in these two methods of stimulation in terms of resistance. To 
ensure that CCR5 expression was down-regulated during this 
experiment, we stained an aliquot of cells from each culture for 
CCR5 on day 7 poststimulation. The cells from the continuous 
plate-stimulated culture showed barely detectable levels of 
CCR5 expression, as did bead-stimulated cells (data not shown). 
In contrast, one-time plate-stimulated cells had elevated lev- 
els of CCR5 expression, as observed in previous experiments. 
Thus, continuous plate stimulation does not protect CD4 T 
cells from HIV replication despite down-regulation of CCR5 
and production of p-chemokines. These results suggest that 
down-regulation of CCR5 and production of p-chemokines 



may not be the only factors that contribute to the induction of 
resistance by anti-CD28 costimulation. 

DISCUSSION 

Many laboratories are currently using the combination of 
anti-CD3 plus anti-CD28 costimulation to recover infectious 
HIV from cells of HIV-positive donors with low or undetect- 
able viral loads. Yet anti-CD3/anti-CD28 costimulation has 
also been reported to generate resistance to infection by M- 
tropic strains of HIV-1 in vitro. In the studies presented here, 
we have investigated the ability of anti-CD28 costimulation to 
induce resistance to HIV infection in vitro. Our results show 
that the mode in which anti-CD28 and anti-CD3 are coimmo- 
bilized and the duration of exposure to the stimulation deter- 
mine the generation of resistance and provide an explanation 
for the apparently contradictory results regarding the effect of 
anti-CD28 costimulation on HIV replication in vitro. Our re- 
sults with beads-in and beads-out stimulation are consistent 
with those of Barker et al. (2), who found that replication of 
M-tropic viruses was blunted in the presence of CD3/CD28 
beads but rebounded when the beads were removed. In our 
hands, in cultures of T cells stimulated by different methods of 
presentation of anti-CD3/anti-CD28 (beads-in, beads-out, and 
one-time plate stimulation), resistance to infection correlates 
with a decrease in surface expression of CCR5 coreceptor and 
with production of the p-chemokines MlP-la, MIP-lp, and 
RANTES. Cultures which produce little p24 (high level of 
resistance) also have low to undetectable levels of CCR5 ex- 
pression and produce the greatest amounts of p-chemokines, 
and vice versa. Furthermore, CM from beads-in cultures, 
which contains a high level of p-chemokines, augments resis- 
tance to HIV infection in beads-out and one-time plate-stim- 
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ulated cultures. Thus, the mechanism of CD28-induced resis- 
tance appears to center around the availability of the CCR5 
coreceptor. 

One caveat of our surface staining experiments is that we did 
not start with a pure population of CD4 T cells. Thus, observed 
changes in surface expression of the various markers may re- 
flect changes in cell types other than CD4 T cells. However, we 
do not believe that this factor has a significant effect on our 
results since the pattern of surface marker expression was 
remarkably consistent from experiment to experiment (donor 
to donor), and within a given experiment the same starting cell 
population was used for every culture. Moreover, CCR5 ex- 
pression in the entire cell population was uniformly affected by 
a given treatment, indicating that all CD4 T cells in the pop- 
ulation were likewise uniformly affected. 

If the apparent resistance to infection is due solely to the 
inhibition of coreceptor usage, the effect of anti-CD3/anti- 
CD28 bead stimulation is most likely to block subsequent 
rounds of infection rather than by "curing" cells already in- 
fected. This hypothesis is supported by the observations of 
Barker et al. (2) and Levine et al. (15) that there is an initial 
burst of p24 production and detection of gag DNA by PCR 
which disappears after the first 2 weeks of culture as the in- 
fected cells are eliminated. Furthermore, the failure to develop 
resistance to T-tropic strains of fflV-1 might be due to the 
inability to down-regulate or block the availability of the T- 
tropic coreceptor CXCR4 (3, 10). This hypothesis also is con- 
sistent with the findings of Levine et al. (15), who saw no 
resistance to T-tropic strains of HIV-1 and found that CXCR4 
expression was up-regulated by CD3/CD28 costimulation (5). 

Stimulation by continuous passage on anti-CD3/CD28-coat- 
ed plates provides an exception to the above rule. In our hands, 
CD4 T cells stimulated by continuous passage on anti-CD3/ 



CD28-coated plates produced high levels of p24 and therefore 
were not resistant to infection despite down-regulated CCR5 ex- 
pression and increasing production of p-chemokines. At pres- 
ent, we have no definitive explanation for this observation. No 
significant difference in growth rate or behavior of the cells 
under the different culture conditions was noted. One possi- 
bility is that the down-regulation of CCR5 by plate stimulation 
is not as complete as down-regulation by bead stimulation 
resulting in a low level of CCR5 on the cell surface sufficient to 
propagate HIV infection in vitro. Alternatively, factors other 
than the availability of CCR5 may play a role in generating 
resistance to HIV infection. For example, other coreceptors 
may be able to support infection by HIV-1 JRCSF and SF162 
in plate-stimulated cells, or repeated stimulation by anti-CD3 
and anti-CD28 antibodies coimmobilized on the surface of a 
tissue culture dish may increase the potential for infection by 
CCR5-independent mechanisms. 

CD28 costimulation causes a bimodal down-regulation of 
CCR5 expression, both decreasing the amount of CCR5 mes- 
sage (5) and reducing surface expression (this report). With 
regard to surface expression, we cannot rule out that the ap- 
parent down-regulation is due to inhibition of staining by the 
presence of high levels of p-chemokines. However, several 
lines of evidence suggest that the presence of p-chemokines 
alone cannot account for the complete absence of CCR5 sur- 
face expression among bead-stimulated T cells. First, the re- 
duction in CCR5 mRNA levels induced by bead stimulation is 
consistent with a concomitant decrease in surface expression; 
second, in one-time plate-stimulated cultures, there is clearly 
an increase in CCR5 expression; third, CCR5 expression re- 
mains undetectable even when chemokine levels are low or 
decreasing (early in plate-stimulated cultures, late in beads-in 
cultures); and finally, other groups studying the inhibition of 
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infectivity by chemokines have observed only a modest de- 
crease in staining in the presence of chemokines (26). 

One issue raised by these studies is whether there is an 
intrinsic difference between stimulation by anti-CD3/anti-CD28 
antibodies immobilized on beads and that on the surface of a 
tissue culture plate, or if the effects are simply due to the time 
of exposure to the stimulation. Clearly, both CCR5 expression 
and (5-chemokine production are influenced by the time of 
exposure to anti-CD3/CD28 beads. In cultures where the beads 
were not removed, CCR5 expression remained undetectable 
throughout the culture period and production of MlP-la, 
MIP-ip, and RANTES remained relatively high. When the 
beads were removed on day 3 poststimulation, (J-chemokine 
production dropped off and CCR5 was slowly reexpressed. 
These changes correlated with a breakdown in resistance to 
HIV infection and resulted in significant levels of p24 produc- 
tion by day 7 postinfection. Thus, the characteristics of the 
beads-out cultures were similar to those of the one-time plate- 
stimulated cultures, where the cells were removed from the 
antibody-coated plates on day 3 poststimulation, but not en- 
tirely analogous. Bead-stimulated cultures showed higher lev- 
els of 0-chemokine production on day 3 than plate-stimulated 
cultures despite continuous stimulation during that time. Fur- 
thermore, although CCR5 expression was not significantly dif- 
ferent on day 3, one-time plate-stimulated cells expressed high 
levels by day 5 to 7 poststimulation, whereas expression only 
slowly increased after removal of beads on day 3 and did not 
reach the levels in plate-stimulated cultures by day 13. Other 
differences between bead and plate stimulation were observed 
by evaluating T-cell activation marker expression. Bead- 
stimulated cells expressed higher levels of CD69 and CD25 
on day 3 poststimulation. While CD69 expression dropped 
rapidly to baseline following removal of beads, CD25 expres- 
sion remained elevated significantly longer in beads-out cul- 



tures than in one-time plate-stimulated cultures. The latter 
observations suggest that there may be some intrinsic differ- 
ences between bead and plate stimulation. The most striking 
evidence in support of such a difference is in the case of 
continuous plate stimulation, where resistance to infection 
does not correlate with CCR5 down-regulation and (S-chemo- 
kine production. This is in contrast to continuous bead stimu- 
lation (beads in), in which the cells are resistant to infection. 
One possible explanation for these differences is that the beads 
are able to bind and present more antibody per unit area than 
the plate. We found no significant difference in the response of 
cells when we used five times the amount of antibody (2.5 
ixg/ml) to coat the plates, either directly or indirectly by first 
coating with goat anti-mouse IgG (data not shown). This could 
be interpreted to suggest that increasing the ligand density on 
the plates is not sufficient to overcome an intrinsic difference in 
bead versus plate stimulation or simply that the ligand density 
on the plate is still not equivalent to that displayed on the 
beads. More direct measurement of the amount of antibody 
bound on the plate versus that on the beads is required to 
resolve this issue. However, it would still be difficult to rule out 
an effect of other factors such as surface geometry. 

CD28 has been postulated to have multiple signaling path- 
ways associated with it which can be delineated by using dif- 
ferent cell culture systems or different degrees of antibody 
cross-linking (12, 13, 22). Differential signal strength and usage 
of B7-1 versus B7-2 have also been reported to correlate with 
development of Thl versus Th2 responses in vitro and in vivo 
(14). Thus, the signals generated by anti-CD3/anti-CD28 co- 
immobilized on beads and plates may result in signals that are 
qualitatively or quantitatively different or both. The fact that 
there are significant differences in the induction of T-cell ac- 
tivation markers by plate and bead stimulation even when five 
times the amount of coating antibody is used suggests that 
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there may be intrinsic biochemical differences in the signals 
generated by each of these methods that are dictated by sur- 
face geometry. This hypothesis is supported by the failure of 
plate stimulation to induce resistance to HIV infection. Fur- 
ther investigation of these methods of anti-CD3/anti-CD28 
costimulation could provide insights into the mechanism of 
CD28 signal transduction. 

Finally, we have identified a method for inducing high levels 
of CCR5 coreceptor expression in vitro. Transient exposure (3 
days) of CD4 T cells to anti-CD3/anti-CD28 antibodies immo- 
bilized on the surface of a tissue culture dish leads to the 
dramatic up-regulation of CCR5 expression once the cells are 
removed from the original stimulation. This observation offers 
at least a partial explanation for the success that has been 
achieved in using this method of stimulation to rescue virus 
from the cells of AIDS patients with no dectable viral load as 
a result of highly active antiretroviral therapy. Furthermore, 
we demonstrate a method for dramatically reducing the level 
of CCR5 expression in vitro and maintaining expression at low 
to undectable levels by using continuous anti-CD3/anti-CD28 
stimulation by two means which may have different outcomes 
in terms of virus replication. These experimental systems may 
be useful for further studies of the role of coreceptor usage in 
HIV infection. 
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an error that arose without deceptive intent. After processing this request, the named co- 
inventors of the above-referenced application will be Carl H. June, Richard G. Carroll, James L. 
Riley, Daniel C. St. Louis and Bruce L. Levine. 

In support of this Petition, Applicants provide the following documents: 

1. An Executed Statement by Bruce L. Levine to correct Inventorship, added as an 
inventor under 37 C.F.R. § 1.48(a)(2); 

2. Executed Supplemental Declaration of Bruce L. Levine under 37 C.F.R. §§ 1 .63 and 
1.67(a)(2); 
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3. Fee Transmittal authorizing payment of the processing fee set forth in 37 C.F.R. § 
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statements under 37 C.F.R. § 3.73(b) establishing ownership. 
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APPENDIX C 

Attached is the Declaration under 37 C.F.R. § 1.132 by Dr. Carl June discussed in the 
Remarks section of the Response. 
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DECLARATION BY CARL H. TUNE UNDER 37 C.F.R. § 1.132 

Dear Sir: 

I, Carl H. June, M.D., declare the following: 

1 . I am an applicant of the above-identified patent application (hereinafter 
"Application") and a co-inventor of the subject matter described and claimed therein. 
Specifically, I am a co-inventor, along with Richard G. Carroll, James L. Riley, Bruce L. Levine, 
and Daniel C. St. Louis, of the subject matter described and claimed in this Application generally 
directed to methods for down-regulating HIV-1 fusion cofactor expression, or down-regulating 
CCR5 expression in a T cell, by contacting the T cell with a solid phase surface comprising an 
anti-CD28 antibody and an anti-CD3 antibody. 

2. I am also one of five co-inventors of U.S. Patent No. 6,352,694, along with Craig 
B. Thompson, Gary J. Nabel, Gary S. Gray and Paul D. Rennert. 
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Declaration of Dr. Carl June 
U.S.S.N. 09/027,205 

3. I am familiar with the Office Action dated January 22, 2003 in this Application in 
which the Examiner rejected claims 1, 55 and 87-94 under 35 U.S.C. § 102(e) as being 
anticipated by June et al., U.S. Patent No. 6,352,694 (Office Action, page 5, section 10). The 
Examiner also rejected Claims 60, 75 and 87-94 under 35 U.S.C. § 103(a) as being unpatentable 
over June et al., U.S. Patent No. 6,352,694. 

4. The Examiner stated these rejections might be overcome by a showing that any 
invention disclosed but not claimed in the reference was derived from the inventor of this 
application and is thus not the invention "by another." (Office Action, page 6, paragraph 6). 

5. I am the sole inventor of a solid phase surface immobilized with anti-CD3 and 
anti-CD28 antibodies and the magnetic immunobead immobilized with anti-CD3 and anti-CD28 
antibodies that was disclosed but not claimed in U.S. Patent No. 6,352,694 to down-regulate 
HIV-1 fusion cof actors and CCR5. 

6. Therefore, the invention disclosed but not claimed in U.S. Patent No. 6,352,694 
pointed to by the Examiner in the Office Action dated 22 January 2003 is not by "another." 

7. I further declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
the statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issuing thereon. 
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